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MINI-O, SIMPLE OMEGA RECEIVER HARDWARE FOR USER EDUCATION 

by 

R, W. Burhcrni 
Avionics Engineering Cnnler 
Department oT Electrical Engineering 
Ohio University 
Athens, Ohio 45701 

ABSTRACT 

A problem with the Omega System Is o lack of suitable low-cost harjwaru for the small user eommunily. A collection of dn-tl- 
yourself efreuft modules ore under development Intended for use by educational Institutions, small boat owners, aviation enthusiasts, 
ond others who have some skills In fabricating their own oteelronic equipment, Applications of the Iwrdwure to limo-firquency 
standards measurements, signal propagation monitoring, ond navigation experiments ora presented. Detailed circuit Information Is 
In preparation for publication In another journal. A family of Minl-O systems hove been constructed vurylng from thu simplest Rl 
preamplifiers and narrowband filters front-ends, to sophist' sated microcomputer Interface adopters. 

INTRODUCTION 

Do-it-yourself electronic systems have become Increasingly popular ns evidenced by the large circulation of populur-orlenled 
electronic magazines Ilka Popular Electronics, Radio-Electronics, Byte, The Audio Amateur, as well at a host of smaller club-type 
newsletters devoted to bath the professional and amateur electronic circuit buff. Dozens or (Inns specializu In supplying hardware 
Items ot low-cost for the kitchen table ond basement workshop experimenter. Low budget educational institutions hove made very 
good use of these developments In providing themselves with sophisticated electronic equipment which they otherwise could not 
afford. 

MICROPROCESSOR TECHNOLOGY 

TilO explosive growth of microcomputer systems during the past year or so Is well derronstmted by the circulation ol new publi- 
cations such os Byte (circulation >50,000) devoted entirely to small computer systems or persorol computing systems Idled on the 
recently d{ /eloped B-blt microprocessors (central processing unit of a small computer whtch bundles dila bytes In an B-blt, 2& format). 

It has been esllmt'ed that tons of thousands of personal computing systems hove been fabricated In the pust year due to the wide avail- 
ability of fabrication kits, partially assembled circuit boards, ond single chip devices at low cost. A minimal computing system with 
IMQ, 3-blt words of permanently stored monitoring programs (ROM) ond 1 000 words of temporary memory (RAM) can coit os low as 
$300 complete with keyboard, hcxldecimol data display, and even a cossette recorder for permanent storage of large blocks of 
program software routines. HI par an additional 5200 or so, the user eon supply himself with a sophisticated data Input-output 
device in thu form of a TV Typewriter with o full alpha -numeric kuyboard which displays English text or gruphtcal material os 
"pages" on on ordinary TV set. In the some price range a number of hard copy printers ore now available which supply permanent 
copy on ordinary adding machine lope.E21 

Microprocessors can also ba Interfaced with o great variety of external Instruments ai Input-output devices through the use of 
standard dlgital-ta-onolog or onolog-to-digital conversion routines. Omega receiver systems ore a prime candidate for these techniques 
where some minimal front-end hardware Is used to supply raw Omega data in a format suitable for software manipulation w tih a micro- 
computer system. In lha simplest microprocessor-oriented Omega receivers th,s raw data Is software filtered to obtain llne-of-position 
(LOP) information for two or moro selected Omega stations which ora In turn recorded on o strip chart recorder through a D/A con- 
verter for use fcy the marine navigator, 

Tho Minl-O system Is configured to supply the basic front-end and timing systems necessary to operate a microprocessor or to 
be used as an independent monitor receiver with various forms of hardware signol processors. Very complex systems may be fabricated 
fora hardware cost of under $1000 when the user supplies his own electronic circuit fabrication ond interface wiring skills. 

MINI-O BASICS 

r *>i 

The Mini-0 concept is on Omega receiver configured in circuit board modules consisting or an antenna preamplifier, 1 J front- 
end filter-limiter, zero crossing and amplitude comparators, and a minimal Omega sequence timer with internal or external clock 
reference oscillotor. Various other modules hove been devised to hardware digital filler the row data and to supply information at 
a suitable low interrupt rote for microprocessor use, Figure I. The first Miltl-O receiver supplied deu in a 4-hit formot for direct 
recording on o strip chart recorder with simply averaging each station phase over a single time slot.OJ The most recent Mini-O 
receiver supplies Omega data in o i-bit formot for each time slot at a low, 40 Hz, data rato using the digital equivalent of a 
superheterodyne receiver method. The superhet uses tho Internal clock as o locol oscillator to provide a low Intermediate frequency 
(IF) at a low 40 He frequency to match the digital IF filter churocteristlcs to the onolog narrow band input fillers. 

Progress in precision wrist-watch technology provides iow-cost means in the form of quartz tuning fork and mechanical bar 
resonators la analog filler the raw Omega signal. Tho bandwidth of the front-end is in the range of 4 Hz to 14 Hz which provides 
quite good rejection of noise ond off-chunnel interfering comers. 

SIGNAL AMPLITUDE DATA 


An example of the output signal amplitude envelope from a Mini-O front-end is shown In Figure 2, This type of recording mode 
on o Hcathklt recorder with a 10 second per inch chart drive speed, is useful for monitoring signol amplitude variations of the Omega 
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carrier wave* An example of the effect of local absorption of signals while flying through fog or clouds Is shown In figure 3, where 
the ripple on the peaks of the shjnol amplitude changes os the receiver ontenno mom In and out of ilia cloud formation* Another 
example is the effect on Omega signal amplitude at local sunsnt when thu pltnsu discontinuities a re most pronounced and the lock- 
ground noise appears to Increase, as fn figuro 4. Ihese ilhrslrulians also show the performance of two dilferent lyptrs of tront-rrul 
systems, a 30 Hz bandwidth model with two Stages of ceramic filtering versus a A lie model with o stnglu sluga quenlx tuning fmk 
filler. ^51 Ihls type of amplitude data is of considerable value to lliu experimenter in educating trim on the peculiarities of Omega 
signal reception for a variety of receiver operating environments. In particular ilia usu of very narrowband analog Hr methods in thu 
Mlnl-O receiver allows inspection of signal amplitude data which is often nut possible in the raw output from a conventional 100 11/ 
type of Omego front-end. 

DIURNAL OMEGA DATA RECORDING 

All Omega users ara familiar with the diurnal changes In the Omega LOP grid. An example with the Mlnl-0 rrtcelver 4-ti1| 
data for thu G-D pair Is shown in Figuro 5, This also Illustrates tho reversn subtraction of D-G which guvo essentially the some result 
24 hours earlier only opposite tn phase direction. Another phenomena noted tn Figure 6 is £0 Hz harmonic hurst rioisu caused by the 
170th harmonic of 60 Hz power machinery in the local monitoring environment. This type of inlerferencu often plagues Omega users 
who attempt reception in their Urban basement workshop with a short whip antenna stuck out the attic window, figure 5 was marlu on 
a Healhklt recorder with a 200 mln/tnch chart drive. Note that the dlseroto 4-bit steps in the total passible phase vuriullon of 16 
steps for one cycle {one lane) can be Seen an these 24 hour data displays. Another example of the severity of local 60 Hz Interference 
is Illustrated In Figure 6, where the operation of healing and airconditioning equipment radiates 10,2 KHz lignuls Irs regular cyclus 
which drift in and out of phose with respect to Omega. 

It should be noted that both Figures 5 and 6 were recorded where the effective ixrndwldtb of the dlgllol Mileilng was only about 
2 Hz or where the 40 Hz IF was sampled by dividing by 5 and then simply averaging only 5 samples of the resulting fl 11/ signal (i.o, , 

<* 5/8 Hr per time slot, with no additional tracking loop filtering). Thus this data represents vury raw single lima slot Omega 
data with a very minimum of processing, much less than used in most other Omega signal processors, 

BICENTENNIAL DATA 

Another type of diurnal data display Is shown In Figure 7. This was mode on a Rusltok recorder with is chart speed ol about 1/4 
inch pur hour over the bicentennial weekend of July 4, 1776. The recording illuslrotus liavr reproducible the diurnal changes are in 
tisat the previous day's Scatter of data points can be used to overlap the current days duta at the tune crossing paints from ulxjut 1200 
to 2400 hoars local time. 

PROPAGATION PHENOMENA 

Another type of observation passible with simple monitor receivers is tho recording of sudden ionospheric dlslurlxinces, Figuro 0 
Is an example where the C-D pair would normally bo writing a slrolghl lino over tho period 1700 to 1800 hours local time In late 
March. However, a significant departure was noted on March 22 which was not observed at the same lime of day on March 23 or 24. 
This effect is typically of duration less than a half hour and with a chongc of u fifth of a lone ar so, or about 20 cenlicycles. fhu 
effect is observed hero even In the presence of strong periodic bursts of local ground based 60 Hz hormontc Inteiference. 

INTERNAL OR LOCAL CLOCK OFFSETS 

The Mlnl-O leeciver system can be used to determine the interna! receiver clock offset error or even any external clock which 
happens la have a binary crystal frequency operating at 2 n Hz. The receiver has been dovlsud to use low-cost quartz oscillators oF 
the type used in digital clocks and wotchcs. A Sinclair"Blackwalch" operating a 215 f|z was modified la provide the asclllolor 
output through a suitable buffor which in turn can directly operate the Omegu receiver. Similarly u Weslclox "GT-500" replacement 
clock movement operating at 2^* Hz has been used. A comparison of (lie local clock drift with respect to the Omega signals Is 
illustrated In Figuro 9. 

The time a single station signal takes to make one lane change (one cycle) with respect to the clock can be a direct measure of 
the clock offset error during periods when the Omega station phase is not changing very rapidly. Wa havu consistently been able to 
ad[ust Sinclair ''Blackwatch" type of 215 crystal oscillotors to offsets to within I x 10“^ for short porioJs with longer term offsets 
on a weekly basis oT 2 x 10*^ when operated in a room temperature environment. Tins is more than sufficient to operate a simple 
type of Omega receiver. These types of observations illustrate tho utility of Omega as o precision time-frequency calibration source 
for the low budgol institutional user. Ail Ihot Is needed is the Mini-0 system and the right clock frequency of 7, n Hz which is a very 
common one for present digital watch systems, 

MULTIPLEXED LOP DISPLAYS 

One method of reducing costs of a system for the marine user might involve the use of a single channel recorder which can record 
two LOP) by time-shoring or altcrnote-cycling of tha recorded output. An example record is illustrated tn Figure 10 where Ihc Mtnl- 
O receiver first records for 90 seconds on C-D then switches for 90 seconds on C-G and repeals the sequence indefinitely. The C-G 
record shows a tune change half-way through, with the C-D LOP drawing a straight line in this example. 

NAVIGATION EXPERIMENTS 

Several flight tests of the first Minl-O 4-bit system were conducted. An example recording made In November 1975 during a 
short flight from the Albany, Ohio Airport to tho Henderson, West Virginia VOR ond return is shown In Figuro 1 1. Hero the upper 


uRiELNAlt PAGE J3 
OF i'OOR QUALITY 


- 2 - 



trace ho single Hutton pair B-C (Bwus Ttlnldad tn those days) which clcoily shows ono Itmn chunge. lhi> 4 bit I OP recording was not 
blanked arid used a simple RC fitter which slsows ttiu transient bclmvlor of a digital subtraction circuit uod D/A In Mils example, tin* 
bottom trace is ttiu signal level from ttiu 4 Hr narrowband front-end. Current navigation experiments aru tmdeiwny using an Improved 
version of lire Mlnl-0 with o microcomputer Interface. M 

SUM MARY 

Examples of tho data output from a single channel Omega receiver operating at 10.2 KHr. oru presented, Ilia output con bn used 
by the observer for various Hmu-frctiucney, propagation, and navigation experiments, lids Mlnl-0 receiver concept Inis been devised 
to halp low budget users become familiar with lliu operational datolls and peculiarities of Omega receivers. Tim present configuration 
of Mlril-Oh towards on Interface for use with microcomputer systems which aro becoming Increasingly available loulmost any potential 
user of Omega hardware, 17] a morn detailed account of the actual circuit details of Mtnl-O will uppear In a future paper now In 
preparation, 
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Figure 1 • Mini-O System* 
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Figure 3. Amplitude Ripple In Signal Level; Caused by Flying 
Through Cloud,. 
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Mirror Image Pair Subtractions. Trinidad v/ot temporarily moved from 0 to G channel Tor 197*. Tim 
Usual subtraction for phase dif'arencu would be G-D In using older Omega charts ond tables. Howuver 
the reverie subtraction D-G gives the same 'result reversed in phase direction. Note particularly the 
sunrise transition from CoCO to 0/CO hours between Trinidad (G) ond North LT.ihnlo (D), 
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Figure 6, Periodic bursts of 60 Hr Iwirr-onics radiating from high power SC3-7NAC controls on Luilding Isaiir.i tind oir 
conditioning systems often contribute to the noise observed in Jfuurd-tus-.rl OMEGA monitoring systems, Tile 
recording from the 4-bit MINI-0 system ct 10,2 Ktir iHustro'eS this effect where the noisy mots' controls urn 
operating at 15 to 20 minute intervals. 




6 - 







July 2, 1976 


July 3, 1976 


July 4, 1976 


July 5, 1976 



Figure 7, 


‘i-Bit C-D Diurnal CBonge, 10,2 KHz, 
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Figure 8. Suddan lonosph«ric Disturbance [C-D pair ccntmninaled %vj ih 60 II:). 

The S.I.D, observed ot 1700-1720 hours EST on March 22 waj followed 
on the lots evening of March 74 by c strong ourorei boieoiis disptoy. 
Note lhal the C-D d/urnol trr-rd for March 23 ond 24 was not disturbed 
around 1700 hours trxc *pl for periodic ioccsl 60 Hz riot's interference. 
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Figure 9. 
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(20 (nlfi/in. cl-ort ip-ed, fOiue. MUX time, 5-7 AM LSI, 3/20/76) 
figuro 10. Multiplexed 4-Elf LOO Roecfc'iny, 
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Figure 11 • Lone Change end Signal Amplitude with 4-Blt Mini - O During Test plight* 


- 10 - 


OKIGINAD PAGE IS 
• T ^OR QUALITY! 



